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Abstract 
Vehicular Ad hoc Networks (VANET) as a sub class of Mobile Ad hoc Networks (MANET) provides a wireless 
communication among vehicles and vehicle to road side equipment [1]. Important applications of VANET are 
providing safety for passengers in one hand, and also resource efficiency including traffic as well as environmental 
efficiency on the other hand. As a result, providing Quality of Service (QoS) has a great role in Intelligent 
Transportation System (ITS). Different methods over network layers, especially over layer 2 and layer 3 were 
recently proposed to support QoS in VANET [2]. But in this paper, MPLS [11] as a forwarding method which can be 
compatible with any layer 2 technology is used in road side backbone network, to improve QoS in terms of end-to-
end delay, packet loss and throughput in urban areas, where lots of roadside unit exist 
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1. Introduction 
  QoS is defined as a set of service requirements that needs to be met by the network while transporting a 
packet stream from a source to its destination [3]. Some protocols such Intserv(Integrated services), 
Diffserv(Differentiated services) and MPLS are defined to support QoS in wired networks. MPLS is 
considered as layer 2.5 protocol [8], because integrates fast switching of layer 2, and also powerful 
routing of layer 3.    
   Vehicular communication promises many improvements in terms of accident avoidance, better 
utilization of roads and resources such as time and fuel, and new opportunities for entertainment 
applications [4]. Consequently, sending and receiving correct data in a fixed duration of time is critical in 
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this type of network. There are two types of communications in VANET: vehicle-to-vehicle (V2V), in 
which vehicles transport data between each other without any fixed infrastructure, and vehicle-to-
infrastructure (V2I), in which vehicles send and receive data to/from Road Side Unit (RSU) that is a fixed 
wired network with access points [2]. This paper investigates using MPLS in a road side network to 
improve overall QoS of VANET. One of the main benefits of this infrastructure is for sound and video 
transportation in VANET, which will be to most important applications of VANET in near future.  
   So, the rest of paper is organized as follows. Section 2 gives some characteristics of MPLS. Section 3 
explains different parts of VANET, then in section 4 mobility models especially Manhattan mobility, 
which is used in the simulation are studied. In section 5 Ad hoc On demand Distance Vector (AODV)[9] 
routing protocol is described. Proposed method, simulation setup and supposed scenario are presented in 
sections 6. Obtained results and the discussions are given in section 7. Finally section 8 concludes the 
paper.  
2. Multiprotocol Label Switching 
1.1 Adventure of MPLS   
   MPLS birth started when several companies had begun to experiment with what is now generally 
referred to as label switching. The main goal of label switching networks was to bring those connection 
oriented benefits into a non connection oriented network; mainly IP. Original idea of MPLS was based on 
IP over ATM. Fast switching and virtual circuit mechanism of ATM for guaranteeing QoS, alongside 
popularity and scalability of IP led to advent of protocol named MPLS.  
2.2 Independence of MPLS from layer2 
   Using MPLS, routers forward packets by looking at the label of a packet, instead of search in the 
routing table to find the next hop for packets that is a very time consuming job. Attached labels causes the 
layer 3 functions like routing and forwarding perform separately from layer 2 functions like switching. 
This is one of the most noticeable points about MPLS that runs over any layer 2 technologies like Frame 
Relay, ATM or Ethernet. 
   2.3 Traffic Engineering   Another important characteristic of MPLS is Traffic Engineering (TE). 
Traditional routing protocols like Open Shortest Path First(OSPF) or Routing Information 
Protocol(RIP) are usually routes packets based on algorithms designed to obtain the shortest path, the 
acceptable bandwidth or other metrics in the network packet traversal, but metrics such as delay, packet 
loss, throughput, jitter and traffic congestion are not take into account. Using TE, MPLS can determine 
the best route which can prepare service requirements of packets that is not necessarily the shortest 
path.  Fig. 1 shows an example of MPLS domain. 
 
Fig. 1 Architecture of MPLS domain [1] 
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3. Vehicular Ad hoc Network  
   Vehicular communication networks (VCN) have emerged as a key technology for next-generation 
wireless networking [2].  Since VCNs form the basis for supporting not only the ITS services, especially 
public-safety related applications, but also a wide range of future multimedia and data applications, such 
as audio/video as well as e-maps and road/vehicle related services [7], Vehicles are envisaged to become 
a part of the Internet in the near future, either as mobile endpoints, as mobile backbone routers, or as 
mobile sensors [8]. 
Vehicular communications system specifies two levels of communications network in its infrastructure 
[8], as revealed in Fig. 2: 
1- Vehicular Ad hoc network (VANET) 
        Including V2V and V2I  communications 
2- Roadside Network consists of twofold: 
(a) Roadside Access Network (RAN), which comprises the RSUs and enables the V2I-communications 
through appropriate connections to the backbone; 
 (b) Roadside Backbone Network (RBN), which represents the backbone network of RSUs, and in which 
RSUs communicate with each other and with Internet [8]. 
 
 Fig. 2 VCN architecture [2] 
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   VCN provides an environment for different applications in the field of ITS, and also internet related 
applications from active safety situations like danger of accident to business and entertainment 
applications like gas payment. Each application has its own QoS requirement. For example safety 
warning applications should have minimum End to End (E2E) delay, because if a warning message 
receives at destination with high delay, that message could not be helpful for preventing an accident. 
Accordingly, packet loss and throughput are two other QoS factors that are very important in active safety 
applications.  
   As mentioned before we have two types of communication in VANET: point-to-point for V2V 
communications and cell-based or point-to-multipoint for V2I communications. So, by using MPLS in 
RBN, the QoS parameters in terms of E2E delay, packet loss and throughput is improved.  
4. Mobility Model 
   Vehicular mobility models are usually classified as either microscopic or macroscopic. When focusing 
on a macroscopic point of view, motion constraints such as roads, streets, crossroads, and traffic lights are 
considered. Also, the generation of vehicular traffic such as traffic density, traffic flows, and initial 
vehicle distributions are defined. The microscopic approach, instead, focuses on the movement of each 
individual vehicle and on the vehicle behaviour with respect to others [7]. 
   To emulate movement pattern of mobile nodes or vehicles, different mobility models are defined. Each 
one corresponds to a specific situation as follow:   
A) Random Waypoint Model (RWM): This model is a commonly used mobility model in research 
community. 
B) Reference Point Group Mobility (RPGM) Model: This Group mobility model is usually used for 
military battlefield communications.  
C) Freeway Mobility Model (FWM): This model emulates the motion behavior of mobile nodes on a 
free way.  
D) Manhattan Mobility Model (MHM): is used to emulate the movement pattern of mobile nodes on 
streets defined by maps and usually used to simulate the movement of vehicles in rural areas in which 
lots of vertical and horizontal streets and intersections are exist[6]. Example of this mobility model is 
illustrated in Fig. 3, which is used in the simulation.  
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Fig. 4 Ad hoc routing protocols [5] 
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Several routing protocols have been proposed to compete with sudden changes that may arise due to the 
nature of VANET. Topology based routing protocols are grouped into three categories of proactive, 
reactive and hybrid routing as shown in Fig. 4. 
   Proactive routing protocols are mostly based on shortest path algorithm. Every node keep information 
of   all connected node in a routing table and nodes exchange tables with each other. DSDV is a type of 
proactive algorithm which is used in VANET. These protocols create a high overhead for network [4].  
   In reactive routing protocol, routes are discovered and maintained for only those nodes that are 
currently being used to send packets from source to destination.  
   AODV is an example of reactive routing protocol which uses an efficient method of routing that 
reduces network load by broadcasting route discovery mechanism and by dynamically updating routing 
information at each intermediate router. AODV reduces several problems that occurred in proactive 
routing protocols. AODV provides support by reacting at on demand needs for communication of such ad 
hoc network that have large numbers of nodes. And this can help when the sudden change in topology 
happens. AODV reduces flooding of messages in the network as compared to proactive routing protocols, 
so AODV reduces the network overhead.  
6. Proposed method 
   Although using MPLS may result in improvement of E2E delay due to the fast processing of layer 2 
headers, but it has its overhead for the wireless nodes, that move with fast speed more than 100 Km/h. 
Therefore, utilizing MPLS in wireless nodes that are vehicles in VANET for V2V communication may 
not have positive effect on QoS parameters like E2E delay, because negative effects of MPLS overhead 
on QoS may be more than MPLS benefits for it. As a result, we assume that each vehicle is covered by a 
base station, which has its own domain of service, and base stations are connected with a wired network 
named RBN and then we create MPLS domain in a wired domain. If vehicles send their data through base 
stations and the wired infrastructure, we can gain higher QoS than V2V ad hoc communication between 
vehicles.  
   Moreover we use AODV as a wireless Ad hoc routing protocol, because AODV imposes less overhead 
to the network. In comparison with proactive routing protocols, AODV requires less space to store 
routing information, and also consumes less bandwidth to communicate among neighbors for the highly 
mobile ad hoc network like VANET. DSR as an another reactive routing protocol have lots of 
characteristics in common with AODV, but it’s route cache and also source routing may result in more 
overhead for the network in comparison with AODV. Consequently it is not suitable for our scenario, so 
in this paper we choose AODV as a wireless routing protocol.  
 
7. Simulation 
   In the simulation, using SUMO [10], which is a Java based software for simulating different mobility 
models, we created Manhattan mobility model in which vehicles are allowed to move along the grid of 
horizontal and vertical streets on the map. In this model as shown in Fig. 3, we have created a city area 
with multiple roads and traffic light on each intersection. Moreover, crossing from each junction of four 
lines is done with a specific probability for each line that their sum is totally one. In our scenario, five 
flows of vehicles that each group consists of 5 vehicles are moving in streets that are shown in Fig. 3 with 
red line arrows. At each intersection there is a traffic light that is also a base station, whose frequency 
range covers part of a road. We assume that each base station have 200 meters frequency coverage. 
Simulation parameters are depicted in table 1. 
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Table1- Simulation parameters 
 
Network area 652 * 752 M 
Channel type Wireless 
Radio range 200 m 
Traffic type  CBR 
Visualization Nam, Sumo 
Mac  IEEE 802.11p 
Routing protocol AODV 
Mobility Manhattan Mobility 
Number of vehicles 25 
Number of base stations 12 
Vehicles Speed 40 km/h 
Transmission rate 64 Kbps 
Packet size 1000 byte 
Transport protocol UDP 
Duration 200 s 
Radio propagation  Two Ray Ground 
Queue type Drop tail 
Addressing type Hierarchical- 3 level 
   
   After designing mobility model, the output of SUMO [10] is exported to NS2.34 for the main test. In 
NS2.34 we have 12 base stations which are situated on each junction and capable of communicating 
between wired and wireless nodes. Base stations are MPLS enabled nodes, which are connected through a 
wired network that is a MPLS domain. The Proposed design divides VANET into a number of domains, 
in which any node including vehicles and base stations has hierarchical address. In our Scenario each base 
station has its own domain for addressing in 3 levels of domain, sub domain and cluster. Also vehicles 
that are, wireless mobile nodes constitute a separate domain which is covered by base stations according 
to their physical position in moving toward destination.  Base stations are responsible for communicating 
between vehicles and the wired domain that is the MPLS domain. Transport protocol of the simulation is 
UDP, because UDP can be faster than TCP for transporting critical alerts.  
   In our scenario we suppose that vehicles that are near node 6 of Fig. 3 see a heavy traffic, which is 
caused by an accident and one of them want to send a message to the first roadside unit that is node10 to 
warn other vehicles about this event. In VANET, by using AODV routing protocol which is a multi hop 
and reactive routing protocol, vehicles send data among each other and RSUs to receive at destination. 
But in the proposed method, each vehicle sends data to its nearest base station and the base station that is 
connected to the other base stations through a wired network we send data on the MPLS domain to the 
destination. Using this method, we achieve better QoS in terms of E2E delay, throughput and packet loss.  
   Because of the faster forwarding of MPLS nodes in comparison with IP nodes and also wireless nodes 
which are mobile nodes with high speed more than 100 Km/h better E2E delay achieved. Fig. 5 shows a 
line graph which compares E2E delay in two states: Ad hoc V2V routing and V2I MPLS enabled routing. 
According to Fig. 5, in the proposed method the delay has a minimum fluctuation and has a constant rate 
near micro seconds. In V2V Ad hoc mode, due to the reactive nature of AODV, routing of first packets 
may take some milliseconds to establish route between sender and receiver. As a result, we see a 
significant drop in delay near first 3 packets. After route establishment, delay is fluctuating near 
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0.1miliseconds. As shown in Fig. 5, in proposed method delay have constant rate with minimum 
fluctuation near microseconds, which is much lower in comparison with V2V ad hoc mode.    
 
   
 
 Due to the high mobility and also inconsistent nature of VANET during routing a packet with AODV, 
lots of packet drop may happen. As a result, sending critical data like quick warning alert should be sent 
through a reliable infrastructure to be useful for accident prevention.  Using MPLS in a RBN, we have 
decreased the packet loss to the one-fifth of AODV Ad hoc routing in the V2V state. Fig. 6 indicates 
packet loss in two states. 
   Furthermore, throughput is also improved because of higher reception of data bytes at destination, and 
also minimum probability of link breakage in wired network. Fig. 7 is a bar chart which compares 
throughput between two states of V2V ad hoc and V2I MPLS enabled. 
 
Fig. 7 Throughput 
8. Conclusion 
   In this paper, the idea of using MPLS in VANET, specifically in the roadside backbone network to gain 
better QoS is introduced. Due to the unreliability of V2V communications, we propose a method for 
vehicles in urban areas to send data to the nearest base station and after that data is sent via wired RBN 
which is MPLS domain, and have higher reliability in terms of E2E delay, packet loss and throughput. 



 
!
"
#
    ! " # $ % & 
		
	


ms 



 
!


 %!
$%!
		
	




!
#
%


 "  &
&&%
		
	


 Packet 
number 
Fig. 6 Packet Loss 
Fig. 5 End to end delay 
1025 Mahmood Fathy et al. /  Procedia Computer Science  10 ( 2012 )  1018 – 1025 
Acknowledgement 
   This work was supported by Transportation Research Institute- Iran Ministry of Road and Urban 
Development.  
References 
[1]  Bilal Mustafa, Umar Waqas Raja, “Issues Routing in VANET”, M.S thesis, Bleking Institute of Technology, Sweden, 
2010.  
[2]  SasanAdibi, Tom Tofigh, Shyam Parekh, Raj Jain,“Quality of Service Architecture for Wireless Networks”, Information 
Science Reference, Hershey New York, USA, 2010.  
[3] Sasan Adibi,Shervin Erfani, “Mobile Ad-hoc Networks With QoS and RSVP Provisioning”, CCECE 2005,May 1-4 
Saskatoon, Canada. 
[4] Radu Popescu-Zeletin, Ilja Radusch, Mihai Adrian Rigani, “Vehicular -2-x Communication”,  Springer, USA, 2010.  
[5] SasanAdibi, “MPLS Implementation in Mobile Ad hoc network” In ubiquitous computing and communication Journal 
October, 2008. 
[6] Fan Bai, Narayanan Sadagopan, Ahmed Helmy, ”User Manual for Important Mobility Tool Generators in ns-2 
Simulator”, University of Southern California, 2004.  
[7] Su, H., & Zhang, X. (2007), “Clustering-Based Multichannel MAC Protocols for QoS Provisioning over Vehicular Ad 
Hoc Networks”,  IEEE Transactions on Vehicular Technology, vol.56, no. (6), part 1. 
[8] Hassan Shahzad Kiani,Mirza Hamid Baig, “Performance Evaluation of MANET Using MPLS”, M.S.thesis, Bleking 
Institute of Technology, Sweden,2010.  
[9] C. Perkins, E. Belding-Royer, S. Das, “Ad hoc On-Demand Distance Vector (AODV) Routing”, RFC 3561, July 2003. 
[10] Michael Behrisch, Laura Bieker, Jakob Erdmann and Daniel Krajzewicz. “SUMO - Simulation of Urban MObility”, The 
Third International Conference on Advances in System Simulation (SIMUL 2011), Barcelona, Spain, 2011.  
[11]  E. Rosen, A. Viswanathan, R. Callon, “Multiprotocol Label Switching Architecture”, RFC 3031, January 2001 
[12] Kutzner, K., Tchouto, J.-J., Bechler, M., Wolf, L.,Bochow, B., & Luckenbach, T. (2003), “ Connecting Vehicle 
Scatternets by Internet-Connected Gateways”, In Proceedings of Multiradio Multimedia Communications (MMC)- 
Communication Technology for Vehicles., Dortmund, Germany. 
[13] Hartenstein, H., & Laberteaux, K. P. (2008),” ATutorial Survey on Vehicular Ad Hoc Networks”, IEEE Communications 
Magazine, vol. 41, no.(6).IEEE P1609.0 D0.2 (2007).  
[14] Sajjad Ali, Asad Ali, “Performance Analysis of AODV, DSR, and OLSR in MANET”, M.S thesis, Bleking Institute of 
Technology, Sweden, 2010.  
[15] Saleh Yousefi, Mahmoud Siadat Mousavi, Mahmood Fathy, “Vehicular Ad Hoc Networks (VANETs): Challenges and 
Perspectives”, 6th International Conference on ITS Telecommunications, Chegdu, China, 2006. 
[16] Sadia Ashraf, Shoaib A Khan, Naveed S khatak, Abdul Rehman “M2PLS: Mobile Multiprotocol Label Switching” in 
innovation information technology international conference Dubai, 2007,pp 83-87 
[17] Subramanian Vijayaragnm, Subramanian Ganesan “QoS implementation for MPLS based wireless networks” in ASEE 
conference Oakland University Michigan, 2002. 
[18] Adibi. S, Nasarian. M, Efari.S, “Mobile IP MPLS based network” in electrical and computer engineering Canadian 
conference Canada 2008, pp 168-171 
[19] Jabeen, M; Khan, S.A “LSP with guaranteed QoS in Mobile Ad hoc Network” in wireless and mobile communications 
international conference, Bucharest 2006, pp 31-41 
[20] Andersson L. and Bryant. S “The IETF Multi Protocol Label Switching standard: The MPLS transport profile case” in 
IEEE internet computing, July 2008, pp 69-73. 
[21] Hussain I, “Overview of MPLS technology and traffic engineering application” in INCC international conference on 
networking and communication, June2004, pp 28. 
[22] Ying Ge, Thomas Kunz and Louise Lamont “Quality of Service Routing in Ad-Hoc Networks Using OLSR.”,   
Proceeding of the 36th Hawaii International Conference on System Science (HICSS’03).  
[23] Jabeen, M; Khan, S.A “LSP with guaranteed QoS in Mobile Ad hoc Network” in wireless and mobile communications 
international conference, Bucharest 2006, pp 31-41. 
[24] S. Chen and K. Nahrstedt, ‘‘An overview of quality-of-service routing for the next generation high-speed networks: 
problems and solutions,’’ IEEE Network, Nov.–Dec. 1998, pp. 64–79. 
[25] Saeed GholamalitabarFirouzjaee, Mahmood Fathy, Kaamran Raahemifar, “Utilizing Mobile IP, MPLS to Improve QoS 
in VANET”, International Conference on Advances in Signal Processing and Communication- SPC2012, Amsterdam, 
Netherlands (Accepted).
